Background: Chronic obstructive pulmonary disease (COPD) is usually assessed using FEV 1 to establish the diagnosis and the severity of the disease. However, COPD is now considered a systemic disease. Aim: To evaluate the utility of the Health-ActivityDyspnoea-Obstruction (HADO) score for classifying the severity of COPD and predicting outcomes. Design: Prospective longitudinal clinical study. Methods: We studied 611 consecutive patients with stable COPD in five out-patient clinics of a teaching hospital. We measured dyspnoea degree, pulmonary function (by spirometry), self-reported level of daily physical activity and overall health condition. Outcome measures included health-related quality of life (HRQoL) parameters (as measured by the
Introduction
Chronic obstructive pulmonary disease (COPD) is a common disease 1,2 that presents a major public health problem. In the US, the number of physician visits for COPD and related conditions was 16 million in 1995, 3 and similarly high in other countries. 4 The natural history of COPD is characterized by the progressive decline of pulmonary function, as well as weakness, diminished functional capacity, depression, and anxiety. [5] [6] [7] COPD can be thought of as a systemic disease, 8 and its severity should not be assessed exclusively in terms of forced expiratory volume in 1 s (FEV 1 ).
Other measurements, such as exercise capacity, functional status, and standardized health-related quality of life (HRQoL) questionnaires, can be used to assess patients with COPD. However, these measurements are difficult to obtain during a standard office visit, and thus are not routinely used for patients with COPD.
Our goal was to devise a system for categorizing COPD severity based on variables easily obtained during a standard medical visit, and to assess its ability to predict mortality.
Methods
From February 1998 to February 1999, we surveyed all patients previously diagnosed with COPD who were aged <80 years and who regularly visited out-patient clinics affiliated with a teaching hospital in the interior district of Bizkaia, Spain (with a catchment area of 300 000 rural and urban inhabitants).
Consecutive patients were included in our study if they had been diagnosed with COPD for at least 6 months, had been under treatment in the hospital's outpatient facilities for at least 6 months, and had been clinically stable (no increase in respiratory symptoms or changes in treatment) for the 6 weeks prior to inclusion. Other inclusion criteria were FEV 1 <80% of predicted value, with FEV 1 /FVC <70% and negative bronchodilation test, with a change in FEV 1 <200 ml and <15% of the baseline value. Patients were not eligible for the study if they were aged480 years, had been diagnosed with asthma, had old or ongoing concomitant pulmonary tuberculosis, or neoplastic processes, were suffering from psychiatric or neurological problems that could prevent effective collaboration, or had hearing or other problems that precluded communication.
All patients had been previously informed about basic aspects related to their illness, such as the advisability of exercise and the need to give up smoking, as well as instruction on the correct use of inhaler devices.
The variables used for the development of the Health-Activity-Dyspnea-Obstruction (HADO) score index were: dyspnoea, FEV 1 as a percentage of the predicted value (FEV 1% ), level of physical activity, and overall health status. Each of the four variables was rated from 0 to 3, with 0 indicating the most severe rating and 3 the mildest.
Patients were interviewed regarding their level of dyspnoea using a 4-degree scale (from 0 to 3) adapted from Fletcher. 9 Degree 0 was 'dyspnoea after walking slowly for 100 m', or 'dyspnoea when resting or after slight effort, such as getting dressed', which subsumed Fletcher's degrees IV and V, degree 1 'capable of walking on the level at my own speed without dyspnoea, but incapable of walking at the same pace as persons my own age', degree 2 'capable of walking at the same pace as other people my age on the level' and degree 3 'dyspnoea only with intense and strenuous exercise', Spirometry used American Thoracic Society (ATS) 10 criteria, with a Master-Scope-PC spirometer (Erich Jaeger GmbH & Co). Theoretical values were those prescribed by the European Community for Steel and Coal. 12 COPD severity was defined following the three levels established by the ATS 13 based on FEV 1% , from 0 (FEV 1% <35%) to 3 (FEV 1% 465%).
Levels of physical activity were assessed on a scale from 0 to 3: 0, 'doesn't leave the house, life is limited to the bed or armchair, or to doing some domestic chores', or 'leaves the house, but walks less than 100 m'; 1, 'leaves the house and walks a few hundred metres, runs errands, but does not walk regularly'; 2, 'engages in physical activity in the vegetable garden', or 'takes walks for up to 8 km, no less than 5 days a week'; and 3, 'takes walks regularly for 48 km, no less than 5 days a week', or 'practices sports'.
Overall health was assessed by means of the question 'In general, how would you characterize your health?' The four possible answers were 'bad' (0), 'fair' (1), 'good' (2) and 'very good or excellent' (3) .
The HADO score is estimated by adding the values for each of the four variables described above, therefore ranging from 0 points for the most severe category to 12 points for the mildest, a higher score indicating better overall clinical condition. Patients were classified into three categories according to disease severity: severe (HADO score up to 4 points), moderate (HADO score 5-7), and mild (HADO score [8] [9] [10] [11] [12] .
HRQoL was assessed using three instruments: the generic SF-36 Health Survey (SF-36) 14 and two questionnaires: the St George's Respiratory Questionnaire (SGRQ) 15 and the Chronic Respiratory Questionnaire (CRQ). 16 The SF-36 includes eight dimensions and two summary scales. Each dimension receives a score between 0 and 100 (with 100 representing the best health condition). For this study, we used the SF-36's physical component summary scale (PCSS). We used the SF-36 version validated in a Spanish population. 17 The SGRQ includes three dimensions: symptoms, impact and activity, as well as a global score. Each area receives a score between 0 and 100, with 0 representing a complete lack of deterioration. We used the version validated in Spanish. 18 We used the total score for the SGRQ.
The CRQ includes four of dimensions: dyspnoea, fatigue, emotional function, and mastery. In each area, scores are obtained by adding the scores for the items that make up each category and dividing it up by the number of items. 16 This questionnaire has also been validated for a Spanish population. 19 We used the total score for the CRQ. 20 All participants provided verbal informed consent to take part in the study. Life status of all patients as were followed up for a period of up to 3 years, by visit or telephone. Mortality was determined via examination of the hospital database, the local mortality register, and by telephone contact with the families or primary-care physicians.
Statistical analysis
Data are means and SD for continuous variables, and frequencies and percentages for categorical variables. We used the 2 and Fisher's exact tests for the associations between categorical variables.
To study the associations between the four categories on each of the four index variables with the HRQoL outcome parameters selected (the SF-36 PCSS, total score in the SGRQ, and total score in the CRQ), we performed one-way analyses of variance in the univariate analysis. We also studied the relationship of those variables to vital status by means of the 2 test. To evaluate the contribution of each of the four variables of the HADO index score, we used multivariate linear regression models for the continuous outcome variables (HRQoL parameters) and Cox proportional-hazards regression models for survival time. In all cases, the most severe category (group 1) for all variables was considered as the reference group. We provide beta coefficients for the linear regression models and hazard ratios for the Cox proportional-hazards regression models.
We also compared the three severity categories of our score for relevant sociodemographic and clinical variables using a one-way analysis of variance, with the Scheffe test for multiple comparisons. The non-parametric Kruskal-Wallis test was also used.
To assess the capacity of our score index to predict mortality, we performed Cox proportionalhazards regression analyses. We estimated the hazard ratio, 95%CI, and p value for our score after adjustment for co-existing conditions, BMI, and other relevant covariates such as age or packs of cigarettes smoked per year. Only age and cigarette smoking were statistically significant and kept in the final models. We repeated these analyses using vital status as the dependent variable using logistic regression models.
Finally, to determine how our score compared to FEV 1% alone for predicting mortality, we computed the C statistics, by logistic regression models, for a model containing FEV 1% or our score as the sole independent variable. In these analyses, the C statistic is a mathematical function of the sensitivity and specificity of our score in classifying patients by means of a logistic regression model as either dying or surviving. The null value for the C statistic is 0.5, with a maximum value of 1.0 (higher values are better). We also compared the FEV 1% vs. the HADO score for predicting the SF-36 PCSS score, the total SGRQ score and the total CRQ score. In these cases we performed linear regression analysis and compared the results by means of the R 2 obtained in each model. All significance was taken to be p < 0.05 unless otherwise noted. Data were entered using Epi Info version 6.4; all statistical analyses used SAS for Windows, version 8.02 (SAS).
Results
We studied a total of 611 patients, with a wide range of COPD severities. Their mean age was 67.2 years, and 97.7% were male. At 3 years follow-up, 94 patients had died (15.4%). Twenty-six patients were lost to follow-up; they were not significantly different with respect to age, FEV 1% or degree of dyspnoea at the start of the study than those who completed follow-up. Demographic and clinical characteristics of the population are detailed in Table 1 .
The variables selected for our score index were analysed individually in relation to the four outcome measures: PCSS from the SF-36, total SGRQ score, total CRQ score, and vital status. There was a correlation between higher degrees of severity as measured by each of the variables separately and the four previous outcome measures, showing statistically significant differences in all cases (Table 2) .
Accordingly, we included all four variables in a multivariate model, to determine the contribution of each to the outcomes under study. Patients with the most severe disease were used as a reference group for all variables (Table 3) . FEV 1% was significantly associated with three of the four outcomes measures (survival time, PCSS in SF-36, and total SGRQ) only in categories 3 and 4; it was not associated with total CRQ score in any disease category. Dyspnoea was significantly associated with survival time in category 4, with SF-36 PCSS and total SGRQ in all four categories, and with total CRQ score in categories 3 and 4. Physical activity was significantly associated with SF-36 PCSS in all three categories, but not with any of the other outcome measures in any category. General health was significantly associated with three outcomes (SF-36 PCSS, total SGRQ, and total CRQ) in all three categories, but was not associated with survival time in any category.
A classification of the patients' severity according to the three score index categories from the HADO score showed that 163 (26.7%) were rated as having mild COPD, while 326 (53.3%) were rated as moderate and 122 (20%) as severe. There were statistically significant differences between the three levels of severity in our score index as regards age, number of hospitalizations in the previous 2 years, number of medications used for COPD treatment, and death rate, which varied between 8% and 34% and increased across the board as the index score increased. As for HRQoL, there were statistically significant differences between the three levels of severity in the score index for all areas of the various questionnaires, both the specific (SGRQ and CRQ) and the general (SF-36) HRQoL measures (Table 4) .
We studied the influence of body mass index (BMI) but we did not observe differences in relation to HADO severity levels (Table 4) . Also, mortality in this cohort did not differ according to BMI, a variable for which we used a cut-off point of 21 kg/m 2 for underweight. In the multivariate analysis, we observed statistically significant differences between the three HADO severity levels, adjusted for the variables that have an influence in the univariate analysis (age and cigarette packs smoked/year), and the outcomes studied ( Table 5) .
The potential influences of other factors, such as BMI, number of comorbidities, or most relevant comorbidities, were also studied. None significantly influenced the model, or were included in the final model.
The C statistic for the ability of our score index to predict the risk of death was 0.682, as compared with a value of 0.647 when using FEV 1% alone. The R 2 statistic of our score to explain HRQoL outcomes was 0.31 for the SF-36 PCSS, 0.37 for the total SGRQ, and 0.21 for the total CRQ. The equivalent values for FEV 1% alone were 0.08 for the SF-36 PCSS, 0.10 for the total SGRQ, and 0.03 for the total CRQ.
Discussion
The HADO score index, which can be readily and easily obtained in an out-patient clinic, can reliably categorize the severity of COPD in an unselected patient population and is more useful than parameters such as FEV 1% in predicting mortality at 3 years.
The severity of COPD has traditionally been staged using FEV 1% . In fact, all clinical guidelines for COPD refer to FEV 1 as a key parameter for diagnosis, and rely on it to establish the severity of disease. 12, [21] [22] [23] However, factors such as dyspnoea and pulmonary function can also independently characterize the severity of COPD, 24 as can muscular strength and other measurements. 5 As a result, some authors have proposed establishing a multidimensional assessment of COPD severity, to evaluate not only pulmonary function but also the consequences of systemic effects. [24] [25] [26] [27] In building our score index, we provided a model that takes into account physiological factors (FEV 1 ), symptoms (dyspnoea), physical function (activity level) and general health (overall health impression). 28 We wanted this score to be easy to assemble and quick and simple to administer. We also wanted Levels of physical activity assessed on a scale from 0 to 3: 0, 'life is limited to the bed or armchair, or to doing some domestic chores', or 'leaves the house, but walks less than 100 m'; 1, 'leaves the house and walks a few hundred metres but not regularly'; 2, 'engages in physical activity in the vegetable garden', or 'walks for up to 8 km, no less than 5 days a week'; 3, 'takes walks regularly for longer than 8 km, no less than 5 days a week', or 'practices sports'. it to summarize comprehensively the information that physicians gather in evaluating COPD patients, and to have predictive and discriminative power (and thus be able to distinguish between the different levels of disease severity).
Regarding the discriminative properties of the variables included in the HADO index in relation to HRQoL outcomes, in several studies of COPD patients, 9,29-31 the degree of dyspnoea showed excellent correlation with HRQoL parameters using different questionnaires.
With regard to physical activity, in studies of self-reported physical activity level, a high level of regular physical activity has been related to a lower re-admission rate in COPD patients. 32 Assessing exercise capability in out-patient clinics, based on either the exertion test or the 6-minute-walk test, would be problematic, given the number of patients evaluated daily in any out-patient clinic.
Measuring HRQoL is now considered an essential outcome in most COPD studies, and thus offers an Our score avoids the problem of using time-consuming tools such as HRQoL questionnaires or the walking test, by using some variables that classify the severity of COPD (FEV 1% and dyspnoea) and others that evaluate the general health status and level of activity.
With respect to the second main outcome, predicting mortality, of all the score-related factors, FEV 1 is the primary factor related to COPD mortality, 33, 34 a finding corroborated in our study. Some studies have indicated that dyspnoea is more predictive than FEV 1 in evaluating survival after 5 years in a COPD patient cohort. 35 On the other hand, Oga et al. demonstrated a relationship between exercise capacity and COPD mortality, independent of FEV 1 . 36 In a study of patients with chronic respiratory disease undergoing rehabilitation, the pulmonary functional status scale, assessed by means of the 6-min walk test and a questionnaire, was a better predictor of survival than FEV 1 and BMI. 37 Results of the 12-min walk test have been related to 3-year survival rates in a cohort of COPD patients undergoing rehabilitation. 38 Finally, HRQoL, as measured both by specific (SGRQ) and generic (SF-36) questionnaires, has been related both to overall mortality and to respiratory-related mortality. 39 A recently published grading system for COPD patients demonstrated that an index that includes BMI, airflow obstruction, dyspnoea, and exercise capacity (BODE) has better predictive power for mortality than FEV 1% . 27 The differences between this index and ours lie in the main nature of the instrument, given that our index was designed to be used in daily practice, while having discriminative and predictive power. In addition, our patient population included patients from out-patient clinics rather than hospitals. As a result, the overall degree of disease severity is lower in our group (Stage I ATS, 49.7%) than in the BODE study (Stage I ATS, 30%). One of the BODE variables is the BMI. BMI <20 kg/m 2 constitutes an independent predictive factor related to COPD mortality, 40 but did not include BMI in our score index, as it was not statistically related to death rate in either the univariate or the multivariate analysis. It is possible that this was due to the low number of patients with BMI <20 kg/m 2 in our study (26, 2.5%), even though our patient population covered all degrees of COPD severity. Moreover, normal body weight among COPD patients does not necessarily imply preservation of muscle mass. 41 In addition, a measurement of mid-thigh muscle cross-sectional area is more closely related to survival than is overall weight. 42 Compared with the BODE, our index has some advantages: it is simpler and uses variables that a physician normally collects in an interview with their patients. The BODE index requires a walking test, which is time-consuming and not usually performed in busy out-patient clinics. Whether our finding that BMI was of no use in predicting mortality will hold true for other patient groups, remains to be seen.
Until the BODE score, the FEV 1 and patient age were the best predictors of mortality. 33, 34 In this study, our score predicts mortality slightly better than the FEV 1 alone, as measured by the C statistic, although slightly worse than the results obtained by BODE index in their study (not directly comparable). However, the HADO score had a much better correlation with HRQoL parameters (SF-36 PCSS, total SGRQ, and total CRQ) than did FEV 1 . This aspect of the BODE index has not been studied so far. Therefore, our score has advantages over FEV 1 in classifying patients according to the severity of their illness as measured by HRQoL instruments. The correlation of the HADO with mortality, and with the three HRQoL instruments used in our study, provides information about the validity of this tool. Additionally, the use of the C statistic in the regression models is a form of measuring the accuracy of our score.
Our study has some limitations. The patient population was composed almost exclusively of men, which reflects the distribution of COPD in Spain, where women began to smoke cigarettes only late in the 20th century. Similar gender distributions have been observed in other studies performed in our country. 43, 44 Therefore, this fact does not imply selection bias. Nonetheless, it limits the generalizability of our results. To assess physical activity, we used a simple scale based on a selfreported answer to a single question. Likewise, overall health status was assessed by means of a single question. Nevertheless, both assessments functioned appropriately, as shown in the analyses presented previously. Finally, we have shown that the HADO score has good discriminative and predictive properties and, therefore, have partially validated this measurement. Nevertheless, a crossvalidation or validation in other settings would add value to the results.
In conclusion, the Health-Activity-DyspnoeaObstruction index can be easily and quickly obtained during a patient visit, reliably classifies a patient's clinical severity and predicts survival at 3 years of follow up. Future studies are needed to improve the discriminative power of the variables chosen for this index, while keeping the simplicity of the current score index, as well as to study other psychometric properties in more detail and validate this simple tool in other settings.
